We propose the control of the radiation of an optical leaky wave antenna through optical pumping schemes. A bi-directional pumping is eventually adopted, and the tunability of the radiation is observed.
Introduction
Optical antennas have the capabilities to enhance the interaction between light and matter, and thus have the potential to boost the efficiency of optoelectronic devices such as light-emitting diodes, lasers and solar cells, and optical sensors. Recently, we have introduced the concept of an optical leaky wave antenna (OLWA) that provides directive radiation at 1550 nm through the excitation of a leaky wave (LW) guided mode into a dielectric waveguide comprising periodic silicon perturbations [1, 2] . Very directive near-IR optical antennas with controlled beam steering and radiation pattern are the subject of great interest for applications such as planar imaging and LIDAR. Also, the dielectric waveguide used in the proposed antenna facilitate operations from visible to mid-IR and provide unique opportunities for active device control. In this work, we propose the optical control of the radiation by using visible light pumping. We show that co-propagating visible light at 600 nm can control the radiation direction and directivity of the leaky wave radiation at 1550 nm. All the simulations are done with Ansys HFSS and COMSOL Multiphysics which provide good agreement of the results.
Radiated power tunability via optical pumping
We focus on the 2D model of the antenna in Fig. 1 (the agreement between 2D and 3D calculations has been shown in [2] ). Si n = ), with electric field polarized along z. The working principle of the OLWA has been outlined in [2] . Here, we utilize two pump signals at 600 nm ( 3.939 0.02
Si n i = + ) co-propagating and counterpropagating with the signal to generate electron-hole pairs in the silicon perturbations that can alter both the real ( Si n Δ ) and the imaginary ( Si k Δ ) parts of the Si refractive index (unitless) at 1550 nm as described by the Drude's model [3] ( ) ( 
where hν is the photon energy at 600 nm, τ is the lifetime of the electrons and holes (assumed to be 1 ns) and V is the volume of the silicon perturbation. The profile of carrier concentration versus silicon perturbation cell is shown in Fig. 2(a) for single pump co-propagating with signal at 1550 nm, and in Fig. 2(b) for bi-directional pumping configuration, assuming an input power density of 2 5 4.17 10 W cm × (assuming a thickness along z of 0.1 μm) associated to each pump. In the bi-directional pumping configuration shown in Fig. 2(b) , as a first approximation, the carrier concentration can be considered to be constant in every silicon perturbation. Moreover, the pump power density can be modified to obtain different concentration values. As an example, we suppose to inject enough pumping power to obtain 18 3 10 cm N N − = = (we limit our calculation to this last value since for higher injection levels Auger process becomes dominant and strict calculations should be performed, to be done in future studies); we then observe the radiation patterns at 1550 nm (Signal waveguide input power density is 2 8 4.17 10 W cm × ) in the two mentioned cases, and we compare them to the one in absence of pumping signals in Fig. 3 . We observe that, with respect to the case without pump, the beam moves towards more negative angles by about 0.05 and 0.09 degrees for increasing pumping power density to about 2 5 2.08 10 W cm × (red curve) and 2 6 2.08 10 W cm × (green curve); also, the maximum magnitude of the radiation decreases for increasing pumping power density. Looking at the direction of maximum radiation for the blue curve (around 93.4 −°, no pump), the radiation of the red and green curves is about 0.06 dB and 0.17 dB lower than the one in absence of the pump. Conclusion We have shown the possibility of controlling the radiation of the analyzed OLWA through optical pumping. The tunability sensitivity will be enhanced in future studies by integrating the OLWA into a resonator.
